SUMMARY The contractile properties of a large proximal muscle (quadriceps femoris) and a small distal muscle (adductor pollicis) have been measured in normal children and children with neuromuscular disorders. The method of stimulating the quadriceps femoris to contract, previously evaluated in adults, was found to be acceptable to children. In normal children a number of indices of muscle function were found to be similar to those in adults. A small study of the function of the adductor pollicis using supramaximal stimulation of the ulnar nerve was carried out in boys with Duchenne dystrophy. Decreased contractile force and prolonged relaxation times from a tetanic stimulation were noted in both the proximal and distal muscles of the boys with Duchenne dystrophy.
It is logical that an objective assessment of muscle function should be based on measurements of force . Although measurements of the voluntary strength of muscles in children can be simply and reliably made (Hosking et al., 1976) , there are advantages in being able to assess the function of a muscle independently of volition. Edwards et al. (1977) have described studies of function of a large proximal muscle group, the quadriceps femoris, with electrical stimulation through large surface pad electrodes. Similar studies were made in a small peripheral muscle, the adductor pollicis, using supramaximal stimulation of the ulnar nerve at the wrist. We here describe the use of these techniques in a group of normal children and a group of boys with Duchenne muscular dystrophy. Where possible, comparisons are made between the results obtained by Edwards et al. (1977) and 12 years. Stimulated contractions enabled measurements of the 'indices of muscle relaxation' to be made in 16 children, and the 'force-frequency' characteristics in 13.
The subjects were examined either in a muscle testing chair or supine (see below). The chair was adjusted so that the subject's popliteal fossae were at the edge of the seat when the knee was flexed to 90°. The position of the pelvis was fixed with a lap strap. Underneath the seat of the chair an inextensible webbing strap looped around the subject's ankle and passed horizontally backwards to a strain gauge fixed to a rigid but adjustable metal mounting between the back two legs of the chair (Fig. 1) . Forces registered by the gauge were recorded, after amplification, with an ultraviolet oscillograph.
For the examination of the supine patient, a strain gauge was mounted on a horizontal bar, itself fixed between two adjustable stands, thus enabling the bar to be raised or lowered. The stands themselves were mounted on a board (1'5 x 1-5 m) which was placed on the bed or couch on which the subject lay.
A downward-pointing stirrup, screwed directly into the strain gauge, was positioned on the tibial tuberosity while a cylinder placed behind the knee acted as fulcrum (Fig. 2) . 5 children had both types of examination performed.
The measurement of voluntary muscle strength was taken as the best of three attempts. The subject was urged to produce the maximum possible effort and to maintain the contraction for 2-3 seconds. A 224 c.a..:r... Qutadriceps. 12 boys with Duchenne dystrophy of varying severity, ranging in age from 8-17 years, had the examination performed in the muscle testing chair. One boy was examined both in the chair and while supine. In 3 further boys the studies were carried out only in the supine position. Adductor pollicis. 5 chair-bound teenage boys with Duchenne dystrophy were studied using the method of Edwards et al. (1977) . This technique is an adaptation of the techniques of Merton (1954) and Desmedt et al. (1968) . A strain gauge was attached to the interphalangeal joint of the left thumb. The hand was secured in supination with the fingers slightly flexed, the thumb abducted, and the first metacarpophalangeal and interphalangeal joints both fully extended. The ulnar nerve was stimulated at the wrist with unidirectional square wave pulses of 50,us duration with an output voltage of between 20 and 60 volts. Stimulus voltage was gradually increased until it was established that the nerve was just supramaximally stimulated.
The temperature of small peripheral muscles varies greatly according to environmental temperature. Before testing the forearm and hand were immersed in water at 45°C for 10 minutes. The studies performed were similar to those in the legs and the time taken was approximately 15 minutes for the whole testing procedure.
Results

Quadriceps.
Maximum voluntary contractions. Muscle strength is related to the size of an individual and has been shown to correlate with body weight (Hosking et al,. 1976; Edwards et al., 1977) . As the quadriceps is a weight-bearing muscle, body weight has been used in this study as the reference variable. The correlation between the maximum voluntary contraction of the quadriceps and body weight in the 32 normal children examined in the chair is shown in Fig. 3 Time from last stimulus (ms) Fig. 4 Relaxation of the quadriceps muscle from 3 successive I s tetani at 30/s. The relaxation characteristics in normal muscle and in 3 disease states are illustrated. Severe weakness was found ii with dystrophy (Fig. 8) Examination of the speed of relaxation of a muscle from a contraction has previously been applied to studies of the tendon reflexes and brief electrically stimulated contractions (Desmedt et al., 1968 Studies of animal muscular dystrophy have shown that not only is there a decreased tension output from dystrophic muscle and decreased fatigability but, in spite of normal contraction times, prolonged relaxation times from twitch and tetanic contractions (Sandow and Brust, 1958; Neerunjun et al., 1976) .
In this study of boys with Duchenne muscular dystrophy slow relaxation after tetanic stimulations was noted in both the quadriceps femoris and the The similarity between the force-frequency curves in the normal children and those with muscular dystrophy was a definite but somewhat surprising finding. Moulds et al. (1977) have shown that 'slowing' of a muscle produces a shift of the forcefrequency curve to the left; however, any impairment in electromechanical coupling, as indicated by the data of Desmedt et al. (1968) , would tend to shift the curve to the right. This phenomenon is currently under investigation but it is too early to give a precise explanation for the present observations in Duchenne dystrophy.
Study of the children while supine was technically difficult but during the course of the work it was realised that quite severely weakened children could be examined on the muscle testing chair. Performing tests such as those described in children requires patience and positive efforts to allay anxiety. Having done this, children did not find the process unpleasant and good quality records were obtained. In very few instances did the tests on the quadriceps femoris or the adductor pollicis take more than 15 minutes and in most it was less than 10. 
